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SYSTEM AND METHOD FOR PROVIDING A
HEIGHT-OF-BURST (HOB) SENSOR USING
GLOBAL POSITIONING SYSTEM (GPS)
MULITPATH

FIELD OF THE INVENTION

The present invention relates to the field of navigation
systems and particularly to a system and method for provid-
ing a Height-of-Burst (HOB) sensor using Global Positioning
System (GPS) multipath.

BACKGROUND OF THE INVENTION

A Height-of-Burst (HOB) sensor may be implemented 1n
munitions to allow for precision delivery of explosive bursts
so as to maximize impact and minimize collateral damage. A
Global Positioning System (GPS) receiver 1s a precise timing
device which estimates, with a high degree of accuracy, the
time of thght of an encoded electromagnetic signal from an
orbiting satellite. For example, these precision estimates may
be provided using a NavStorm™+ GPS recetver produced by
Rockwell Collins. From these precision estimates, a naviga-
tion solution (ex.—position, velocity, and time) may be pro-
vided to the end user. Typical HOB devices require hardware
which may increase costs and volume requirements for muni-
tions, while also complicating integration of the guidance and
navigation system. Further, currently available HOB devices
require broadcast of signals which may be detectable by
enemy forces. Thus, 1t would be desirable to provide a system
which obviates problems associated with current solutions.

SUMMARY OF THE INVENTION

Accordingly, an embodiment of the present invention 1s
directed to a positioning recerver for implementation on-
board a vehicle, said positioning receiver including: a receiv-
ing unit, the recerving unit being configured for receiving a
plurality of positioning signals including direct path position-
ing signals and at least one retlected positioning signal; and a
processor, the processor being connected to the receiving
unit, the processor being configured for: receiving Radio
Frequency (RF) inputs from the recerving unit, said RF inputs
including the received signals; separating the direct path posi-
tioming signals from the at least one reflected positioning
signal; generating positional data for the vehicle based upon
the direct path positioning signals; determining a time-oi-
flight value for at least one of the direct path positioning
signals; determining a time-of-flight value for the at least one
multipath positioning signal; determining a difference
between the time-of-flight value of the at least one direct path
positioning signal and the time-oi-tlight value of the at least
one multipath positioning signal; and calculating the height
above ground of the vehicle based upon the difference
between the time-of-tlight value of the at least one direct path
positioning signal and the time-oi-flight value of the at least
one multipath positioning signal.

An additional embodiment of the present invention 1s
directed to a positioning system for implementation on-board
a vehicle, said positioning system including: a receiving unit,
the recerving unit being configured for receiving a plurality of
satellite navigation signals, said plurality of satellite naviga-
tion signals including direct path positioning signals and at
least one retlected positioning signal; a processor, the proces-
sor being connected to the receiving unit, the processor being
configured for: recetving Radio Frequency (RF) inputs from
the recerving unit, said RF mputs including the received sig-
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nals; separating the direct path positioning signals from the at
least one reflected positioning signal; generating positional
data for the vehicle based upon the direct path positioning
signals; determining a time-of-tflight value for at least one of
the direct path positioning signals; determining a time-oi-
tflight value for the at least one multipath positioning signal;
determining a diflerence between the time-of-flight value of
the at least one direct path positioning signal and the time-oi-
tlight value of the at least one multipath positioning signal;
calculating the height above ground of the vehicle based upon
the difference between the time-oi-tlight value of the at least
one direct path positioning signal and the time-of-tlight value
of the at least one multipath positioning signal; and outputting
the determined height above ground via an iterface; and a
fuze, said fuze being connected to the processor via the inter-
face, said fuze being configured for receiving the output
determined height above ground from the processor.

A further embodiment of the present invention 1s directed
to a method for in-flight determination of a height above
ground for a vehicle via a positioning recerver, said method
including: receiving a plurality of positioning signals includ-
ing direct path positioning signals and at least one multipath
positioning signal; providing Radio Frequency (RF) mputs
including the received signals to a processor of the position-
ing recerver; separating the direct path positioning signals
from the at least one multipath positioning signal; generating
positional data for the vehicle utilizing the direct path posi-
tioning signals; determining a time-of-flight value for at least
one of the direct path positioning signals; determining a time-
of-flight value for the at least one multipath positioning sig-
nal; determining a difference between the time-of-flight value
of the at least one direct path positioning signal and the
time-oi-tlight value of the at least one multipath positioning,
signal; calculating the height above ground of the vehicle
based upon the difference between the time-of-tlight value of
the at least one direct path positioning signal and the time-oi-
tlight value of the at least one multipath positioning signal;
and outputting the determined height above ground to at least
one of: a mission processor; a triggering mechanism; and a
fuze.

A computer program product, including: a non-transitory
computer-readable storage medium including computer-us-
able program code for performing a method for in-flight
determination of a height above ground for a vehicle via a
positioning receiver, the computer program product includ-
ing: computer-usable program code for receiving a plurality
of positioning signals including direct path positioning sig-
nals and at least one multipath positioning signal; computer-
usable program code for providing Radio Frequency (RF)
inputs including the recerved signals to a processor of the
positioning recerver; computer-usable program code for
separating the direct path positioning signals from the at least
one multipath positioning signal; computer-usable program
code for generating positional data for the vehicle utilizing
the direct path positioning signals; computer-usable program
code for determining a time-of-tlight value for at least one of
the direct path positioning signals; computer-usable program
code for determining a time-oi-flight value for the at least one
multipath positioning signal; computer-usable program code
for determining a difference between the time-of-flight value
of the at least one direct path positioning signal and the
time-oi-tlight value of the at least one multipath positioning,
signal; computer-usable program code for calculating the
height above ground of the vehicle based upon the difference
between the time-of-flight value of the at least one direct path
positioning signal and the time-oi-tlight value of the at least
one multipath positioning signal; and computer-usable pro-
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gram code for outputting the determined height above ground
to at least one of: a mission processor; a triggering mecha-
nism; and a fuze.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not necessarily restrictive
of the mvention as claimed. The accompanying drawings,
which are incorporated in and constitute a part of the speci-
fication, illustrate embodiments of the invention and together

with the general description, serve to explain the principles of
the 1invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The numerous advantages of the present disclosure may be
better understood by those skilled in the art by reference to the
accompanying figures 1n which:

FIG. 1 1s a block diagram schematic of a positioning sys-
tem, said positioning system being implemented on-board a
vehicle 1n accordance with an exemplary embodiment of the
present disclosure;

FIG. 2 1s a flowchart illustrating a method for in-tlight
determination of a height above ground for a vehicle via a
positioning receiver in accordance with an exemplary
embodiment of the present disclosure; and

FIG. 3 1s a functional diagram of distance determination
utilizing GPS multipath, as performed by a positioming,
receiver of the positioning system shown 1n FIG. 1, 1n accor-

dance with an exemplary embodiment of the present disclo-
sure.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the presently
preferred embodiments of the mvention, examples of which
are 1llustrated 1n the accompanying drawings.

A Height-of-Burst (HOB) sensor may be implemented 1n
munitions to allow for precision delivery of explosive bursts
sO as to maximize impact and minimize collateral damage. A
Global Positioning System (GPS) recetver 1s a precise timing
device which estimates, with a high degree of accuracy, the
time of tlight of an encoded electromagnetic signal from an
orbiting satellite. For example, these precision estimates may
be provided using a NavStorm™+ GPS receiver produced by
Rockwell Collins. From these precision estimates, a naviga-
tion solution (ex.—position, velocity, and time) may be pro-
vided to the end user. Typical HOB devices require hardware
which may increase costs and volume requirements for muni-
tions, while also complicating integration of the guidance and
navigation system. By modifying a GPS recerver, such as a
Rockwell Collins NavStorm™+ GPS recerver, to provide
HOB functionality 1n addition to an accurate navigation solu-
tion, hardware requirements and integration complexity may
be reduced at a cost savings to the customer.

A GPS receiver 1s capable of being used as a bi-static radar
and range finder 11 the direct (line of site) time of thght values
and the delayed (multipath) time of flight values from the
same satellite vehicle (SV) are known. This 1dea may be
casily progressed to a HOB sensor that may determine the
path length difference between the line of sight and multipath
signals. From this difference, a height above the ground may
be estimated. Applying this to munitions equipped with a
GPS recewver that 1s modified to acquire and track very low
strength multipath signals allows for an estimation of time to
impact. Thus, 1n accordance with the present disclosure, the
GPS receiver may be modified to provide the functionality of
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currently available HOB sensors, while requiring less hard-
ware and integration complexity.

Referring to FIG. 1, a positioning receiver 1in accordance
with an embodiment of the present disclosure 1s shown. In an
embodiment, the positioming recerver 100 may be a Global
Navigation Satellite Systems (GNSS) recerver 100. For
example, the GNSS recerver 100 may be a GPS receiver 100

such as a NavStorm™+ GPS recerver produced by Rockwell

Collins and/or a Rockwell Collins GPS Selective Availability
and Anti-Spoofing Module (SAASM )-based recerver. In fur-
ther embodiments, the recerver 100 may be a non-GPS
receiver. In still further embodiments, the recerver 100 may be
implemented on-board a vehicle 125. For instance, the
vehicle 125 may be a projectile, an ordinance (ex—a muni-
tion), an aircrait, and/or a spacecratt.

In exemplary embodiments, the positioning receiver 100
may be connected to and/or may include at least one antenna
102. The antenna 102 may be configured for receiving sig-
nals, such as satellite signals (exs.—satellite navigation sig-
nals, satellite positioming signals). For example, 1f the posi-
tioning recewver 100 1s a GPS positioning receiver, the
antenna 102 may be a GPS antenna 102 configured for receiv-
ing GPS signals transmitted by GPS satellites. In further
embodiments, the antenna 102 may be a dual frequency, dual
polarity Dielectric Resonator Antenna (DRA), an edge slot
antenna, or a patch antenna. In still further embodiments, one
antenna 102 included 1n the at least one antenna 102 may be
a directional left-hand circular polarization antenna 102 for
promoting improved reception of multipath signals.

In an embodiment, the positioning recerver 100 may
include a recerving umt 104. The recerving unit 104 may be
connected to the antenna(s) 102 and may be configured for
receiving RF inputs provided by the antenna(s) 102, said RF
inputs mcluding the recewved signals. For example, 11 the
positioning receiver 100 1s a GPS receiver, the recerving unit
104 may be a GPS recerving unit 104 configured for receiving,
RF mputs provided by GPS antennas.

In exemplary embodiments, the positioning recerver 100
may include a processor 106. The processor 106 may be
connected to the recerving unit 104. For instance, the proces-
sor 106 may be connected to the recerving unit 104 via an
interface (ex.—bus) 108, said processor 106 and receiving
umt 104 each being connected to the bus 108. The receiving
umt 104 may be configured for providing the received RF
inputs to the processor 106. The processor 106 may be con-
figured for processing said RF inputs. The processing of said
RF 1mnputs by the processor 106 will be discussed 1n detail
below. In further embodiments, the positioning receiver 100
may include a memory 110, said memory 110 being con-
nected to the processor 106. For example, the memory 110
may be connected to the bus 108, and thus, may be connected
thereby to the processor 106. In embodiments 1n which the
vehicle 125 1s an ordinance (ex—a munition), the positioning
receiver 100 may be connected to a mission processor and/or
a triggering mechanism (ex.—fuze) 150 via an iterface 112.
For example, 11 said vehicle 1235 1s a munition (ex.—artillery
shell), said fuze 150 may be implemented on-board said
vehicle 125 and may be configured for detonating an explo-
stve charge (ex.—payload) of the munition 125.

Referring to FI1G. 2, a flow chart 1s shown which 1llustrates
a method for mn-tlight determination of a height above ground
for a vehicle via a positioning receiver, such as via the posi-
tioning recerver 100 shown in FIG. 1, 1n accordance with an
exemplary embodiment of the present disclosure. In an exem-
plary embodiment, the method 200 includes the step of
receiving a plurality of positioning signals including direct
path positioning signals and at least one multipath positioning
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signal 202. For example, the positioning receiver 100 may be
a GPS positioning recetver 100 and may be configured for
receiving a plurality of GPS satellite signals from a plurality
of GPS satellites 175, said GPS satellite signals including
direct path (exs.—line-of-sight, on-time) positioning signals
180 and at least one multipath (exs.—reflected, delayed,
time-delayed) positioming signal 185. For instance, a direct
path positioning signal 180 and a multipath positioning signal
185 may be recerved from a same GPS satellite 173 included
in the plurality of GPS satellites 175, as shown in FIG. 1. Inan
exemplary embodiment, the antenna(s) 102 may receive the
GPS satellite signals and provide RF 1nputs (said RF inputs
including said signals) to the recerving unit 104 of the posi-
tioming receiver 100.

In further embodiments, the method 200 may include the
step of providing RF inputs including the recerved signals to
a processor of the positioning recerver 204. For instance, the
RF 1inputs including the recerved signals (ex.—GPS signals)
may be provided from the recerving unmit 104 of the position-
ing recerver 100 to the processor 106 of the positioning
receiver (as shown in FIG. 3). In an embodiment, as shown in
FIG. 3, the RF 1mnputs may be conditioned, such as via an RF
conditioning unit (RFCU), before being provided to the pro-
cessor 106.

In still further embodiments, the method 200 may further
include the step of processing said recetved signals via the
processor of the positioning receiver. In exemplary embodi-
ments, processing said recerved signals may include separat-
ing the direct path positioning signals from the at least one
multipath positioning signal 206. For example, as shown in
FIG. 3, the direct path positioning signals and the at least one
multipath positioning signal may be separated by the proces-
sor 106 by splitting the RF 1nputs recerved from the receiving
unit 104 to two channels. The direct path positioning signals
may be tracked 1n a first channel (ex.—an on-time tracking,
channel) included in the two channels, while the at least one
multipath positioning signal may be tracked in a second chan-
nel (ex.—a delayed tracking channel) included 1n the two
channels. Thus, 1n exemplary embodiments, the RF from the
on-time tracking channel 1s duplicated in the delayed tracking
channel and the search window 1s delayed by a predetermined
amount, thereby allowing the positioning receiver 100 to
search the duplicated channel (ex.—the delayed tracking
channel) for the at least one multipath positioming signal.

In exemplary embodiments, processing said received sig-
nals may further include the step of generating positional data
for the vehicle utilizing the direct path positioning signals
208. For instance, at a trajectory apogee for the vehicle 125,
the positioning recerver 100 may, based upon the direct path
positioning signals, provide a velocity of the vehicle 125 and
an altitude of the vehicle 125 to a Distance algorithm (ex.—a
Height Of Burst (HOB) algorithm) as initial conditions. In an
exemplary embodiment, said HOB algorithm may be imple-
mented 1n software which 1s being run on the processor 106 of
the positioning receiver. Said 1nitial conditions may be used to
calculate a rough estimate of a height above ground and
change(s) 1n height above ground for the vehicle 125, while
the HOB algorithm (ex.—GPS HOB algorithm) searches for
the at least one multipath positioning signal 185 from the
plurality of satellites 175 (ex.—the visible, already-being-
tracked satellites 175). For instance, the HOB algorithm may
search for the at least one multipath positioming signal 185
from the plurality of satellites 175 by first checking highest
clevation satellites included in the plurality of satellites 175,
since the discrepancy 1n time-of-tlight values for the at least
one multipath signal 183 and the direct path signals would be
greatest for said highest elevation satellites. Thus, at the tra-
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6

jectory apogee, the positioning receiver 100 may be tracking
visible GPS signals and outputting a navigation (ex.—posi-
tion, velocity, time, pseudorange and deltarange) solution
based upon the recerved direct path positioning signals. Fur-
ther, by bounding the search window using the 1nitial condi-
tions generated from the line-of-sight pseudorange and delt-
arange measurements, the GPS positioning recerver 100 may
expedite acquisition of the at least one multipath positioning
signal 185.

In further embodiments, processing said received signals
may further include the steps of: determining a time-of-tlight
value for at least one of the direct path positioning signals
210; determining a time-of-tlight value for the at least one
multipath positioning signal 212; and determining a ditfer-
ence between the time-of-flight value of the at least one direct
path positioning signal and the time-of-flight value of the at
least one multipath positioning signal 214. In further embodi-
ments, processing said received signals may further include
the step of calculating the height above ground of the vehicle
based upon the difference between the time-of-tlight value of
the at least one direct path positioning signal and the time-oi-
flight value of the at least one multipath positioning signal
216. For example, the HOB algorithm may utilize the differ-
ence between the time-of-tlight value of the at least one direct
path positioning signal and the time-of-flight value of the at
least one multipath positioning signal; and may further utilize
clevation angle(s) of the satellite(s), to determine the height
above ground (exs.—distance to target, time-to-target) of the
vehicle implementing the positioning recerver 100. Further,
the positioning receiver 100 may be configured for continu-
ously (ex.—dynamically) tracking direct path positioning
signals and retflected path positioning signals for providing
updates (ex.—sub-second updates) to the determined height
above ground.

Estimation of height above ground may be based upon the
height of the retlecting surface. The term “ground” as used
above and herein may be any surface, including buildings,
mountains, valleys, bodies of water, glaciers, etc., which
could be considered a scattering field (ex.—a reflecting sur-
face). Simplification of the ground complexity to a flat,
homogenous, reflective plane may be helpiul for understand-
ing the approach without losing generality and applicability
to more complex topography, including urban scenarios. The
added complexity of height variations of the scattering sur-
face(s) may introduce errors which may be accounted for by
using (ex.—tracking) multiple multipath signals for provid-
ing a clearer estimation of a true height above ground of the
vehicle 125.

As mentioned above, in embodiments 1n which the vehicle
125 1s an ordinance (ex—a munition), the positioning
receiver 100 may be connected to a mission processor and/or
a triggering mechanism (ex.—fuze) 150 via an interface 112.
For example, if said vehicle 1235 1s a munition (ex.—artillery
shell), said fuze 150 may be implemented on-board said
vehicle 125 and may be configured for detonating an explo-
stve charge (ex.—payload) of the munition 125. In such
embodiments, the method 200 may further include the step of
outputting the determined height above ground to the mission
processor and/or triggering mechanism (ex.—1fuze) 218. In
further embodiments, the mission processor and/or triggering
mechanism (ex.—1uze) may be configured for receiving the
output height above ground from the positioning receiver,
comparing the recerved height above ground to a pre-deter-
mined height of burst for the ordinance, and detonating an
explosive charge (ex.—payload) of the munition based upon
said comparison. For example, the pre-determined height of
burst may be selected such that, 1f the explosive charge of the
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munition 1s detonated when the output height above ground
matches the pre-determined height of burst, the munition will
deliver an intentional amount of explosive burst as accurately
and efliciently as possible. Thus, the positioning receiver 100
(ex.—GPS recerver) 100 described herein may utilize multi-
path signals as described above to operate as both anavigation
solution (ex.—a GPS navigation solution) and a Height-of-
Burst sensor, thereby obviating the need for separate HOB
sensor hardware. Further, the positioning recerver 100 may be
operatively implemented 1n conjunction with the antenna(s)
102, and the mission processor/triggering mechanism (ex.—
fuse) 150 as described herein to collectively provide a posi-
tioming system, which may be implemented on-board the
vehicle 125.

In further embodiments, the herein disclosed technology
may have other applications, such as space situational aware-
ness, formation flying and collision avoidance.

The solution presented herein may include hardware and
software that 1s approved Transmission Security
(TRANSEC) {from Electromagnetic Counter Measures
(ECM) performance and reverse-engineering security. The
passive nature of the technology (ex.—the system does not
generate an auxiliary signal) provides stealth approach to the
target.

It 15 to be noted that the foregoing described embodiments
according to the present imvention may be conveniently
implemented using conventional general purpose digital
computers programmed according to the teachings of the
present specification, as will be apparent to those skilled 1n
the computer art. Appropnate software coding may readily be
prepared by skilled programmers based on the teachings of
the present disclosure, as will be apparent to those skilled in
the software art.

It 1s to be understood that the present mnvention may be
conveniently implemented in forms of a soitware package.
Such a software package may be a computer program product
which employs a non-transitory computer-readable storage
medium including stored computer code which 1s used to
program a computer to perform the disclosed function and
process ol the present invention. The computer-readable
medium may include, but 1s not limited to, any type of con-
ventional tloppy disk, optical disk, CD-ROM, magnetic disk,
hard disk drive, magneto-optical disk, ROM, RAM, EPROM,
EEPROM, magnetic or optical card, or any other suitable
media for storing electronic mnstructions.

It 1s understood that the specific order or hierarchy of steps
in the foregoing disclosed methods are examples of exem-
plary approaches. Based upon design preferences, 1t 1s under-
stood that the specific order or hierarchy of steps in the
method can be rearranged while remaining within the scope
of the present invention. The accompanying method claims
present elements of the various steps 1n a sample order, and
are not meant to be limited to the specific order or hierarchy
presented.

It 1s believed that the present mnvention and many of its
attendant advantages will be understood by the foregoing
description. It 1s also believed that 1t will be apparent that
various changes may be made 1n the form, construction and
arrangement ol the components thereof without departing
from the scope and spirit of the mvention or without sacrific-
ing all of 1ts material advantages. The form herein before
described being merely an explanatory embodiment thereof,
it 1s the mtention of the following claims to encompass and
include such changes.

What is claimed 1s:

1. A positioning receiver for implementation on-board a
vehicle, said positioning recerver comprising:
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a recerwving unit, the recerving unit being configured for
receiving a plurality of positioning signals including
direct path positioming signals and at least one reflected
multipath positioning signal; and

a processor, the processor being connected to the receiving
unit, the processor being configured for: recerving Radio
Frequency (RF) inputs from the receiving unit, said RF
inputs including the receirved signals; separating the
direct path positioning signals from the at least one
reflected multipath positioning signal; generating posi-
tional data for the vehicle based upon the direct path
positioning signals; determining a time-of-flight value
for at least one of the direct path positioning signals;
determining a time-of-tflight value for the at least one
reflected multipath positioning signal; determining a
difference between the time-of-thght value of the at least
one direct path positioning signal and the time-of-tlight
value of the at least one reflected multipath positioning
signal; and calculating the height above ground of the
vehicle based upon the difference between the time-oi-
tlight value of the at least one direct path positioning
signal and the time-of-flight value of the at least one
reflected multipath positioning signal.

2. A positioning receiver as claimed in claim 1, wherein the
positioning recerver 1s configured for outputting, via an inter-
face, the determined height above ground to at least one of the
mission processor, the triggering mechanism, or a fuze.

3. A positioning recerver as claimed 1n claim 1, wherein the
vehicle 1s one of: an aircrait; a spacecraft; and an ordnance.

4. A positioning system for implementation on-board a
vehicle, said positioming system comprising:

a receiving unit, the recerving unit being configured for
receiving a plurality of satellite navigation signals, said
plurality of satellite navigation signals including direct
path positioning signals and at least one retlected mul-
tipath positioning signal;

a processor, the processor being connected to the receiving,
unit, the processor being configured for: recerving Radio
Frequency (RF) inputs from the receiving unit, said RF
inputs including the received signals; separating the
direct path positioming signals from the at least one
reflected multipath positioning signal; generating posi-
tional data for the vehicle based upon the direct path
positioning signals; determining a time-oi-flight value
for at least one of the direct path positioning signals;
determining a time-of-tflight value for the at least one
reflected multipath positioning signal; determining a
difference between the time-oi-thght value of the at least
one direct path positioning signal and the time-of-tlight
value of the at least one retlected multipath positioning
signal; calculating the height above ground of the
vehicle based upon the difference between the time-oi-
flight value of the at least one direct path positioning
signal and the time-oi-flight value of the at least one
reflected multipath positioning signal; and outputting
the determined height above ground via an interface; and

a fuze, said fuze being connected to the processor via the
intertace, said fuze being configured for receiving the
output determined height above ground from the proces-
SOT.

5. A positioning system as claimed 1n claim 4, wherein the

vehicle 1s an ordnance.

6. A positioning system as claimed in claim 5, wherein the
tuze 1s configured for comparing the received height above
ground to a pre-determined height of burst for the ordnance,
and detonating an explosive charge of the ordnance based
upon said comparison.
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7. A positioning system as claimed in claim 4, further
comprising:

an antenna, said antenna being connected to the recerving

umt, said antenna further configured for receiving the
plurality of satellite navigation signals from a plurality
of satellites and for providing said plurality of satellite
navigation signals to the recerving unit.

8. A positioning system as claimed in claim 4, wherein the
satellite navigation signals are Global Positioning System
signals.

9. A method for in-tflight determination of a height above
ground for a vehicle via a positioning recerver, said method
comprising:

receiving a plurality of positioning signals including direct

path positioming signals and at least one reflected mul-
tipath positioning signal;

providing Radio Frequency (RF) inputs including the

received signals to a processor of the positioming
recelver;

separating the direct path positioning signals from the at

least one reflected multipath positioning signal; and
generating positional data for the vehicle utilizing the
direct path positioning signals.

10. A method as claimed 1n claim 9, further comprising:

determining a time-of-flight value for at least one of the

direct path positioning signals.

11. A method as claimed 1n claim 10, further comprising:

determining a time-of-tlight value for the at least one

reflected multipath positioning signal.

12. A method as claimed 1n claim 11, further comprising:

determining a difference between the time-of-tlight value

of the at least one direct path positioning signal and the
time-oi-tlight value of the at least one reflected multi-
path positioning signal.

13. A method as claimed 1n claim 12, further comprising:

calculating the height above ground of the vehicle based

upon the difference between the time-of-flight value of
the at least one direct path positioning signal and the
time-oi-tlight value of the at least one retlected multi-
path positioning signal.

14. A method as claimed 1n claim 13, further comprising:

outputting the determined height above ground to at least

one of a mission processor, a triggering mechanism, or a
fuze.

15. A computer program product, comprising:

a non-transitory computer-readable storage medium

including computer-usable program code for performs-
ing a method for in-tlight determination of a height
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above ground for a vehicle via a positioning receiver, the
computer program product including;:

computer-usable program code for recerving a plurality
ol positioning signals including direct path position-
ing signals and at least one reflected multipath posi-
tioming signal;

computer-usable program code for providing Radio Fre-
quency (RF) inputs including the recerved signals to a
processor ol the positioning receiver;

computer-usable program code for separating the direct
path positioning signals from the at least one retlected
multipath positioning signal; and
computer-usable program code for generating positional
data for the vehicle utilizing the direct path position-
ing signals.
16. A computer program product as claimed 1n claim 135,
turther comprising:

computer-usable program code for determining a time-oi-
tlight value for at least one of the direct path positioning
signals.

17. A computer program product as claimed 1n claim 16,
turther comprising:;

computer-usable program code for determining a time-o1-

tlight value for the at least one reflected multipath posi-
tioning signal.

18. A computer program product as claimed 1n claim 17,
turther comprising:

computer-usable program code for determining a differ-
ence between the time-of-flight value of the at least one
direct path positioning signal and the time-of-flight
value of the at least one retlected multipath positioning
signal.
19. A computer program product as claimed 1n claim 18,
turther comprising:

computer-usable program code for calculating the height
above ground of the vehicle based upon the difference
between the time-of-tlight value of the at least one direct
path positioning signal and the time-of-thght value of
the at least one reflected multipath positioning signal.

20. A computer program product as claimed 1n claim 19,
further comprising:

computer-usable program code for outputting the deter-
mined height above ground to at least one of, a mission
processor, a triggering mechanism, or a fuze.
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